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High-energy heavy-ion physics at LHC

= We know perturbative QCD works, but  nerrhative QCD world
how about for non-perturbative nature? | e,

= Many surprise come out at RHIC. e q | 050
The matter is; il
so hot that T_,=300-400MeV - g NEE
(thermal?) photons emitted, ot . \\

Inclusive Jet cross section

| CDIF PnJIimiriary

so opaque that a 20GeV =0 stopped,
so dense that slow heavy quarks
stopped, J/psi melted, and jet shapes
modified, and
so strongly coupled that heavy
quarks flow.
m RHIC creates perfect liquid of ¢ >15
GeV/fm3 at T_, = 300-400 MeV.
m LHC opens a new domain of hard-
physics — sensitive to early stage.
reproduce of earlier Universe a few
usec after Big-Bang.

look for what unexpected. Normal Baryon density
Nucleus I

Temperature
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Relativistic Heavy lon Collision

Hadronization
(Freeze-out)
+

Expansion

Pre-equilibrium  Thermalization QGP phase? Mixed phase

€ Global observables: Multiplicities, n € Deconfinement: charmonium and bottonium
distributions spectroscopy
€ Degrees of freedom as a function of T: 4 Chiral symmetry restoration: neutral to
hadron ratios and spectra, dilepton continuum, charged ratios, res. decays
=sireet thermal photons _ @ Fluctuation phenomena - critical behavior:
L 2 Early state manifestation of collective event-by-event particle comp. and spectra
effects: elliptic flow & Geometry of the emitting source: HBT,
€ Energy loss of partons in quark gluon impact parameter via zero-degree energy flow

plasma: jet quenching, high pt spectra, open € pp collisions in a new energy domain
charm and open beauty
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Physics via photon channels in ALICE

m photons in relativistic heavy ion experiments
vital probes of initial/hot/dense phase of collision system
m thermal photons — ideal probe carrying information of temperature at
early stage
m direct photons - jet-tagging and ideal probe carrying information of
guark scattering (pQCD) at early stage
m HBT correlations of thermal photons — carrying information of space-
time evolution of early stage
m ¥ and n mesons - jet quenching physics and decay photon evaluation.
experimental virtues
m photons and neutral mesons measured in same detector
m particle identification to very high transverse momentum
® many interesting physics outcome at RHIC
s more powerful tool at LHC
large direct photon rate up to ~100 GeV
high p; physics of identified mesons up to ~100 Gev
jet quenching at extremely high momentum
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Suppression of ©° production in central Au-Au collisions
PHENIX Collaboration, Phys. Rev. Lett. 88 (2002) 022301
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Jet quenching in hot, dense matter
X. N. Wang and M. Gyulassy,
Phys. Rev. Lett. 68 (1992) 1480

m Suppression is very strong
(Raa=0.2!) and flat up to 20
GeVic

m Common suppression for =° and
n; it is at partonic level

m &> 15 GeV/fm?; dNy/dy > 1100
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Photon Spectrum in central Au-Au collisions

First direct photon excess seen at PHENIX
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E The first promising result of dirgctis, %
~ photon measurement at low p; *
hard: — — from low-mass electron pair
p n — analysis.
T -4 .
10 Y

= Are these thermal photons? The
— rate is above pQCD calculation.
- The method can be used in p+p
P | collisions.

3-6 IGeV/C pT (Ge 10-5 = If it is due to thermal radiation, the

— data can provide the first direct
[ measurement of the initial
|~ temperature of the matter.
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PHOS: high-granularity, high-resolution photon detector in ALICE

e for photons and neutral mesons measurements,
and for y-jet tagging,

* providing level-0O and level-1 trigger.

* made of PbWO, crystal of 2.2x2.2x18cm? (20 X,),

e readout with a APD/CSP, operated at -25 deg.

» 3,584 crystals (56x64) in a module, and

* 5 modules (17,920 crystals; 12.5 t) covering
8.7m2 at 4.4 m from IP.

e covers |n| < 0.12, A¢p=100 deg.

e achieves the energy resolution of 3%/+ E up to

\
100 GeV. i N ey by s
. . \ 1986 Cool. a=65 MeV b=0.033 c=0.01
* resolves two particles with the smallest Ry, ic/c \ = 1997 Coot. a-33MeV £-0.037 c=0.01
\® 1988 Cool a=30MeV bB=0.03 c=0.01
=2.2cm. ooe \ 2000. APD. Preliminary

® : 4 L] a a L4 L

Energy, GeV
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ALICE crystals from Russia

More than 9000 PWO crystals
(more than 50% of the PHOS)

North Crystals Co. Apatity in Russia are accepted for ALICE/PHOS
as of today.
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Current status of the PWO crystals production
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Detalls of cold zone electronics

Preamplifier with APD

APD (Hamamatsu
S8148) for #1 module
from Norway

Hiroshima preamplifier
(ver.3) for #1 module
from Japan

Hiroshima T-card
for #1 module
from Japan




PWO 2x16=32 ch. arrays in the “cold” volume and
PHOS FEE boards in the ‘worm’ volume of the module

Electronics 1 PHOS module:

112*FEE / 8*TRU [/ 3584*CSP+APD
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PHOS signal processing scheme

Preamplifier

APD: Hammamatsu

58148 Smm?

T=15ns

FM:éfId‘f

BW=160kHz
Altro-chip

Sampling 2.~.10 MHz
~u

i

Cold

PWO

32 channel

TPC-like readout backend

DATE

Mc-niroi' r‘

D bias control

La, L2 :
pC ) Active Bessel filter W i DDL (dats)
) I
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a ,o20dB . _...2720db 0b Ethernet | ..
i it it i L ;
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Lowgain | 0P
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2*2 analog Sums
100 ns FWHM
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(Trigger Region Unit LO/L1)

Board and HY control

Readout Controller



FEE card production

32 channel Front-End Electronics card, V 1.0 Proto, October 2004
Revised version V1.1 has less noise, Mass production in Wuhan end ‘05

FEE card hardware properties
» 32 ch. dual gain shapers t= 1us
* RMS noise 2 us: 615e- (3.1 MeV)
* 14 bit dyn range 5 MeV -80 GeV
« 32 APD bias regulators £0.1V
16 APD bias regulators 16 shapers on both sides 18AFD bias regulators » Fast OR (2*2 Xt&lS) for trigger
connector for 2 x 8 preamps connector for 2 x 8 preamps » Board controller FPGA (PCM)
: « USB controller
: - » TPC-like readout and control bus
A S e e s . DAQ and DCS via RCU
o i ek e iial bl bl L HHTTON « 5.5 Watt, 349 * 210 mm?

'y o v" R&D CERN April-June 04
O _ ; i i v’ Cadence Schematics: CERN June 04
R v' 10 layer Layout & mounting : Wuhan
- > f ey August/Sept 04
ov | : v' Prototypes in Testbeam: October 04
v' Evaluation: CERN Nov-Dec 04
0 v’ Revision: Jan 05
: v Review and final testing: Mai-Sept 05
_ v" 130 card production Wuhan by end 2005

Power connector Control bus eadout bus

FPGA board
ALTRO Controller

ALTRO
Also 2 ALTROs on back side



FEE In lab test

“PHQOS” crate

7

7

.-fi-"t.ll.r:,
&

Readout Control Unit (RCU):
bus master for 2*14 FEE cards

GTL readout and control bus
for 14 FEE cards
60 cm PCB strip, 40 cm cable

Connectors to CSP cables

Status:
GTL bus production awaited from Norway
24 PHOS RCU'’s tested by TPC
one Phos crate shipped to Wuhan
Front Connectors and cables all ordered

Card spacing and height exactly fits
crystals 2*16 Xtals per FEE card



PHOS Support Structure Crystel detector unt

Thermo-insulating walls

Support structure,

cooling beams and
panels P
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Production of the PHOS module In Russia

PHOS module

The first module mechanics is under production at
METAX Co, Moscow, Russia

November 2004 = Contract with METAX, Moscow
January 2005 = Production started

Elements of the cooling panels




"
PHOS Cradle production in Czech, and
Charge Particle Veto production in Russia

CPV production in Russia
128x56 cathode pads, anode wires with 5.56 mm pitch.

PHOS
SPECTROMETER

». Charged Particle Veto
»  top of the module

January 2005 = All cradle parts produced at TENEZ, the
rollers delivered by Hilman Rollers, USA.

February 2005 = Assembly of the cradle at TENEZ, test
March 2005 = Disassembly of the cradle at TENEZ.
May 2005 = Delivery of the parts to CERN

Fall 2005 = Reassembly of the cradle at CERN.
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Performance evaluation with 256c¢ch prototype

A 256- channels prototype of the PHOS
spectrometer assembled at CERN

«Apatity crystals

eHamamatsu APD’s

*Hiroshima preamplifiers

eKurchatov FEE

*Bergen T-cards

«Sarov mechanics

«Sarov cooling/thermo-stabilization system

o|HEP LED monitoring system

*Oslo DAQ system
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PHOS Beam Test in 2004

256-channels prototype
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Timing measurement with the
old electronics

Measurement of electrons and
7t %s with the old electronics

Test of the new FEE, based on
ALTRO chips
-energy resolution

II H1O$'pl'|ll H; A_ 0 5 -timing measurement
/ (P=O-15-7}§9,V/ v g
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Excellent performances of PHOS256

B Hadron beams at 30 — 70 GeV/c on Beam test in 2003
a copper target of 6 cm thickness. PHOS256

V2 under -24 deg.
B PWO+APD/CSP (Hiroshima ver.2) S1 S2 S3T V1

with a conventional readouit. —I—I—»H —

B Invariant mass resolution o, ,/m =

i Ref. Log- “ALICE PHOS V10~
7% for =%, and 3% for n° in 2003. ef. Log-note,
PHOS256ch 2003-07-SPS 70GeV runs

B The mass resolution is improved to

; 2200
be 3.5% for =° in the beam test = 2003
2004- E no 450
1800 — T]O
| Invariant mass vs E1+E2 | — =
- = zsuz
- 2004 Chi2/ ndf =13.87/17 1400 — E
50— Constant = 41.57 + 2.439 = 150f
| 5 GeV<E1+E2<6 GeV :'_‘““ T F i
i igma =4. + 0. — 3
40(- 1000: R T
30| G(TEO):4.7 MeV 6001
i = n°
2001
:II!IilIlll|||l|||lk|||!I||I!I|||ll||lk|||!l|Il
0 100 200 300 400 500 600 700 800 900
reconstructed mass [MeV]

ok Y
0 20 40 60 80 100 120 140 160 180 200 220 240
Myy, MeV/c*2
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Summary
® The RHIC experiments at BNL looks strongly interacting partonic matter; perfect liquid.
® | HC is another Relativistic Heavy lon Collider opening a new domain of hard-physics; sensitive to
early stage.
® ALICE is a only one dedicated to study such high-energy heavy-ion physics.
® PHOS is a high-granularity, high-resolution electromagnetic calorimeter in ALICE
v’ Lead-tungstate crystal (PWO) with the smallest Moliere radius,
v/ 17,920 crystals in 5 modules, covering -0.12<n<+0.12 and A$¢=100 deg.
v' APD (Hamamatsu S8148) coupled with low-noise preamplifiers,
v’ readout by 32ch FEE, based on ALTRO chip,
v’ level-0 and -1 trigger capability,
v’ the energy resolution c_/E ~ 3 8%/NE [GeV]
® First module is now being assembled and will be commissioned by the end of 2005.
® FEE mass-production started in Wuhan, and will be delivered in Jan 2006.

Outlook

® Calibration of #1 module in 2006.

® Production of parts for #2 and #3 modules in 2006.
® Calibration of #2 and #3 modules in 2007.

® Production of parts for #4 and #5 in 2007.

® Start physics run in 2007 end.

The Experiments at the LHC are getting ready:

A rich harvest of Physics is ahead of us: the LHC is a great
place where to do Heavy lon Physics!
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PHOS project-organization

v China, Beijing, China Institute of Atomic Energy

v China, Wuhan, Central China Normal University

v China, Wuhan, Central China University of Science and Technology

v Czech Republic, Prague, Academy of Science of the Czech Republic, Institute of Physics
v Germany, Munster, Westfélische Wilhelms Universitét, Institute fir Kernphysik

v France, Nantes, Laboratoire de Physique Subatomic et des Technologies Associees
v Japan, Hiroshima, Hiroshima University

v Norway, Bergen, University of Bergen, Department of Physics

v Norway, Oslo, University of Oslo, Department of Physics

v Poland, Warsaw, Soltan Institute for Nuclear Studies

v Russia, Moscow, Russian Research Center ‘Kurchatov Institute’

v Russia, Protvino, Institute for High Energy Physics

v Russia, Sarov, Russian Federal Nuclear Center ‘VNIIEF’

v Russia, Dubna, Joint Institute for Nuclear Research

v Switzerland, Geneva, CERN
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APD preamplifier:

® Originally designed and built at Bergen.

® Re-designed in 2002 at Hiroshima using
components available in Japan.

® Hiroshima ver.2 is successfully
performed in PHOS256 in 2003/04.

® Minor modification for ver.3 in 2004.

® 5,000 of Hiroshima ver.3 has been
produced for the first module.

LD
1 p

‘I
0



N
PHOSEEd+ i UsA Fii(32ch)
STY/20IL2R0Z7X ALTRO* ' 1

2HER
ST=a—-A

HAREE BEVAEDLY

T PR (F

ﬁﬂ BH

W T1252C 2002%E11A25H

STIERI F-Faits 'ﬁﬁ%CERYU)-‘&LICE‘IU Vs bF—LEHAET
R TR O T — 2T 27 LASCEMR

EEEHERT oY s ¥ FORSSTE/ESEREE G T ) r—2 g 2 ORRHC AR

STeA4aLl-& o= ANYSE STM, LITFST)id. F2BRR
LB NP 2 AT L - 4 - F o P (S0 T3 AD
EEFEBLECEERELE L. ALTROEMIEN S COFHF
ik, STH'. ALICE Collaboration® #ETHRE L TWiELOTY.,
ALICE Collaborationtd, E-FREEME-r BB ENEIN—TT
Hh, AA RO 2 2—TEHIC 3 5 CERN (M 55 r{JfﬁMm‘
HRtEEaRR RO LHC I~ F o S SR g2 R L Tirbhs®
BEEERO | DiC i T B ES T4, HREOR FinEss -
HBIHCICE 5T, 40rEAEMEI SR I+' OFEHRNRTEE
BhEBEiTIC LI TESLIKRDE YT,

DHHEMAT S5, £{0E

CTOALTROF » 7, 16EOMEHAADC(FFal - FIal - awi—3)k b P2 286000 E

2 Bl L 72 2L Al A A 2 LBl F B00KbisD 77— & A= RER LiEFo 7T, 200TFEICEBEZA
10 Ia'yer PCB! meti 35X21 Cm ZALICE(A Large lon Collider Experiment 8- # > 8 22500%) £ TN S ER A HBICERENS TETY.
- - ICEQHEIC L. BARZATOEA4TRD ¥ —EiRnEmi L EnTvEYT, &6
32 Channels hlgh and IOW galn T, 1DOEBCE > TERENSMALORTICOWTHAT S78IC. ALICE Collaboration Tld, 84
OETFOFEFEEBINT S C EHTE 600008 & 249 58 L =mERE RN ER(TPC | Time

32 Channels APD biaS COntI"O”erS Projection Chamber) BB TE, S+ HhoOBSOMIE, 7 2LEHR, £ 6ICTPC L HITHIN %
, . & VTR & N e R S TR £ B AT B L D T
4 ALTRO'’s with GTL readout backend _ .
+ 16 channels per chip * Up to 40 MS/s sampling rate

Board Controller with USB port « 16 MW / channel @ 10 MS/s « STM 0.25 2 m HCMOS-7 process
+ 9.7 ADC Effective Bits @ 10 MS/s + 6 million transistors

« analogue differential inputs *8.3 X 7.7 mm die size

+ self-adaptive baseline correction « 64 mm? die area (50% ADCs)

+ 800 Kbit internal memory « 2.5V supply for logic and ADCs
+ SEU-proof redundant control * TQFP-176 packaging

+ 300 MB/s readout speed
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Silicon avalanche photo diode (APD)
HAMANMAT S

Part Humber Type Package Active area diameter or length [mm]

58664-55 S 4PD  Ceramic 3

A&PD optimized for LW o Vizible light Low capacitance type + Ceramic package

Key Specifications Drawing
Part Number SE6EL-5R 0
Fackage Ceramic .50, | :h_rﬁ-.-u ARER
active area diameter ar length bmim i
dctive area heizht Bmm = 3' ‘ o
Wavelength Min, 220nm | ; —
Wavelenzth Max, 1000nm
Peak wavelength &00nm L
Phioto sensitivity 0,244 M at peak, ) EPONY RESIN
Dark. current tax, RO -y :
y [
Cut-off frequency d0iHz T r I.'t an
= ™~ -
Terminal capacitance S0pF P = —Il
K 1L H]
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BComparison of PWO’s produced by; . pwo wipmt for 69Co-7's

B Furukawa, Japan Mpmh_oton yield decay time
B RI&NC in Minsk, Belarus =

9.4 pe @10C '5°"
B North Crystal in Apatity, Russia
on,
B photon yield and
B decay time
as a function of temp, and

BAPD as a function of;

B Temperature and

yield/ch

20 ] 00 "o oo 1200)

mHV -
R
Y-doped PbWO, -
Density 8.28 [g/cm?] .
Radiation length 0.89 [cm] bt
Moliere radius 2.2 [cm] o
Peak emission 420~440 [ns] L

pulse height [ch] time [ns]

Refractive index 2.3 E'
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Experimental conditions @ LHC

m Commissioning start April 2007
m [nitial few YealsS (1HI ‘year’ = 106 effective s, ~like at SPS)

Pb-Pb L cm-—2s-1
p - Pb ‘like’ (p,dora) L cm-2s-1
light ions (eg Ar-Ar) L
cm-2s-1plus, for ALICE (limited by pileup in TPC):
reg. pp run at\s = 14 TeV L and <
cm-2s-1
m Later:

different options depending on Physics results



